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Inter-leaflet cavitation in lipid bilayer membranes or shortly, intra-membrane
cavitation (IMC) is a formation of gas bubbles between the two leaflets of
the membrane. The present paper focuses on the thermodynamics of IMC,
namely on the minimum work required to form such an intra-membrane cavity.
The minimum work can be separated into two terms, one that is dependent on
the volume and number of gas molecules in the bubble and the second that
depends on the volume and bubble geometry. Minimizing the second term
for a given volume determines the optimized bubble shape. In homogeneous
cavitation this term is proportional to the bubble surface area and, therefore,
the bubble is spherical. In contrast, in IMC the second term is no more a simple
function of the bubble area and the optimized cavity is not spherical because of
the finite elasticity of the membrane. Using a simplified geometry assumption,
the second term is derived and minimized. It was found that the optimized
cavity is almost spherical at large bubble volumes, while at small volumes
the cavity has a lens-like shape. The optimized shape is used to analyze the
minimum work of IMC.
444-Pos Board B213
Intra-Membrane Surface Flow in Response to Protein Induced
Spontaneous Curvature
Padmini Rangamani1, Kranthi K. Mandadapu2, George Oster1.
1UC Berkeley, Berkeley, CA, USA, 2Sandia National Laboratories,
Livermore, CA, USA.
Lipid bilayers are unique in their biophysical properties. They are fluid in-plane
and solid in bending. While traditional models use the Helfrich approach to
model the elastic deformations of the bilayer membrane, these approaches
only provide insight into the equilibrium configurations of the elastic deforma-
tions of the membrane. But many membrane deformations are dynamic and
occur in response to protein binding. To capture these effects, it is important
to model the viscoelastic properties of the lipid bilayer rather than the elastic
bending alone. We have recently developed a model that accounts for the
elastic bending behavior of the membrane and captures the flow of lipids on
the surface of the membrane in response to a driving force.
One important component in membrane deformations is the binding of proteins
to the membrane surface. We use the viscous-elastic model of the bilayer
membrane to capture the dynamics of membrane shape change in response
to protein binding. The binding of proteins to the membrane is modeled as
a kinetic process, and the surface density of the protein is assumed to be pro-
portional to the spontaneous curvature of the membrane in that region. Numer-
ical simulations show that binding of proteins changes the shape of the
membrane and induces lipid flow from the boundaries. to allow for the increase
in surface area of the membrane. Additionally, the surface pressure field
evolves from a homogeneous distribution to an inhomogeneous distribution.
Together,these results capture the dynamics of lipid flow and surface evolution
in response to protein binding.
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Phosphatidylinositol (4,5) bisphosphate (PIP2) is a key lipid signaling molecule
found on the inner leaflet of the cell membrane. Polyphosphoinositides signal-
ing play an important role in regulation of many cell processes such as cell
survival, proliferation, migration, and apoptosis. Phosphoinositides regulate
signal transduction by providing binding or docking sites for intracellular pro-
teins. In order to perform these functions, it has been suggested that PIP2 must
be able to form localized clusters within the cell membrane. In this study, single
point fluorescence correlation spectroscopy and brightness analysis of various
BODIPY-labeled PIP2 was utilized to detect the presence of clusters in the
membrane of giant unilamellar vesicles (GUVs) consisting of 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine (POPC). The number of freely diffusing
fluorescent BODIPY molecules in the membrane was calculated and we found
that in GUVs containing various amounts of labeled PIP2 had significantlylower number of fluorescent molecules than in GUVs made with the control
BODIPY labeled hexadecyl phosphatidylcholine (BODIPY-HPC). Also, an
increase in brightness of the labeled PIP2 particles with increasing labeled
PIP2 molar fraction was noted. These results show the existence of PIP2 en-
riched clusters in the liquid disordered phase of GUVs that are smaller than
the resolution limit of the fluorescent microscope. Using LAURDAN general-
ized polarization function, we demonstrated that the formation of these clusters
is not due to the presence of the BODIPY moiety on the lipids. In addition, we
report for the first time the presence of a previously uncharacterized hypsochro-
mic shift of the fluorescence for the BODIPY labeled lipids that we attributed to
BODIPY dimers. Finally, by adding cholesterol to the GUVs, we showed that
the BODIPY dimers tend to favor the liquid ordered phase.
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Changes of intercellular Ca2þ concentrations are one of the most ubiquitous
signaling events that accompany or precede large scale cellular responses.
These fluctuations control such responses as: T-cell activation, cell motility,
neuronal signaling, and muscular contractions. One particular Ca2þ pathway
includes Phospholipase-C (PLC) acting on phosphatidylinositol 4,5-bisphos-
phate (PIP2) in the presence of calcium ions. We are in particular interested
in the direct modulation of PIP2 organization in the membrane in such events
due to Ca2þ. At physiological conditions, PIP2’s headgroup is multiply nega-
tively charged (>3 effective charges) and interacts with the cationic Ca2þ.
By coordinating several PIP2 head-groups, calcium ions can induce condensa-
tion and aggregation of PIP2. A series of experiments were conducted on sup-
ported lipid bilayers containing physiological quantities of PIP2. Fluorescence
correlation spectroscopy (FCS) was used to study the response of the PIP2 to
changes in the concentration of Ca2þ ions in the surrounding buffer solution.
As Ca2þ concentration increases, the FCS indicates that PIP2 goes from a freely
diffusing single species to a multiple species system. The diffusion rates of the
additional species decrease with increasing [Ca2þ], thus indicating increasing
aggregate sizes with increasing, but physiological relevant Ca2þ concentra-
tions. An intriguing effect was observed at very low Ca2þ levels. The diffusion
rate was consistently measured to increase upon addition of small concentra-
tions of Ca2þ before decreasing as the concentrations increased. This effect
was seen on different bilayers with a negative net charge but is absent from
bilayers without a net charge. A series of polymer cushioned bilayers were
used to attempt to gain greater insight into the nature of the membrane - support
interaction and the nature of this effect.
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Cyclic adenosine monophosphate (cAMP) is a major intracellular messenger.
Within the cAMP pathways, several players mediate cAMP production and deg-
radation. The two main producers of cAMP are the transmembrane and soluble
adenylyl cyclases (tmAC and sAC, respectively), genetically distinct enzymes
producing the same end product. The relative contributions of sAC and tmAC
to cAMP production usually are explored using pharmacological interventions.
Many of the compounds used in such studies are hydrophobic, and (for a given
modifier) the range of concentrations that are used to obtain the same effect vary
widely and inconsistently. These compounds are also known to alter membrane
protein function at concentrations that overlap with those used to target cAMP
metabolism. We therefore characterized the lipid bilayer-perturbing effects of
modifiers of sAC and tmAC and the phosphodiesterases that catabolize
cAMP. We used gramicidin-based stopped flow spectrofluorometry to measure
the bilayer-modifying (off-target) effects of compounds used to manipulate
cAMP metabolism. Of 16 compounds tested thus far, at least four perturb the
bilayer at commonly used concentrations. Among the bilayer-active compounds
are KH7 a sAC inhibitor, forskolin a pan-cyclase activator, 1,9-dideoxy forsko-
lin a cyclase-inactive forskolin derivative, and isobutylmenthylxanthine, a non-
selective phosphodiesterase inhibitor. These compounds thus may alter cell
function by being promiscuous modifiers of membrane proteinsin addition
to their effects on cAMP metabolism. There is no correlation between the
bilayer perturbing effect and the calculated partition coefficients, indicative of
an unexpected complexity that should be taken into considerationwhen planning
experiments with hydrophobic compounds. Our overarching conclusion is
that small hydrophobic molecules should be used with care, and that any effects
that are observed only at concentrations that are two-to-three times higher than
the concentrations for half-maximal effect (in terms of modifying the intended
target in vitro) should be interpreted with caution.
